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Abstract 
In order to promote applications of recycled automobile tires, composite materials of 
recycled rubber tire particles with ethylene co-vinyl acetate (EVA), polybutadiene (PB), and 
Primacor were studied in the thesis. The composites were processed using a single screw 
extruder and a pelletizer. Compression molding was used to form specimens for hardness and 
impact tests. Mechanical properties of the composites were investigated in terms of tensile 
strength, percent elongation, Durometer hardness, and impact energy. 
In this study, the content ofrecycled rubber was between 0 and 40 percent. Various 
matrices were processed using a combination of EV A, PB, or Primacor to combine the recycled 
rubber tire particles. The effects of EV A, PB, and Primacor were studied on the mechanical 
properties of composite containing recycled rubber tire particles. The morphology of the blends 
or composites was studied using an optical microscope. 
The results of this thesis showed that increasing recycled rubber content decreased the 
strength of the composites. The percent elongation of composites containing recycled rubber 
decreased drastically when the amount of recycled rubber exceeded 10%. When 10% PB was 
added to composites containing EV A, PB, and 10% recycled rubber, PB was beneficial to the 
percent elongation and the impact energy of the composite. Increasing the amount of PB in a 
composite decreased the hardness of the composite. When containing Primacor and EVA, the 
mechanical properties of the composites were better than those containing only EV A or 
Primacor. It was found that a composite with a matrix containing a 90: 10 ratio of Primacor to 
Eva offered the best mechanical properties. The useful range for Primacor in a matrix would be 
90% to 70% with 10% to 30% EV A. 
After viewing composite materials under an optical or stereo microscope it was found 
that blends containing Primacor and EV A displayed no phase separation, while blends of EV A 
and PB showed distinct boundaries. Also, blends of Prirnacor and EV A are able to bond and 
interlock with recycled rubber particles, while the matrix of EV A and PB did not bond tightly 
with the rubber particles. 
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CHAPTER I 
INTRODUCTION 
There are many problems associated with solid waste disposal and storage 
facilities. One major concern is due to the fact that the number of landfills and 
waste storage facilities in the United States is decreasing. Moreover, the space 
available in the remaining landfills and storage facilities is reducing (Municipal, 
1997). Automobile tires have become a major burden for sold waste disposal 
facilities. In 1995 the United States disposed of 250 million scrap tires by 
sending them to landfills and storage facilities (Glaz, 1995). Stockpiles of used 
tires are breeding grounds for vermin and mosquitoes (Ryder, 1991). Tire 
stockpiles are also fire hazards and can burn for months causing many 
environmental problems (Novel Tire Recycling, 1996). Burned tire residues are 
considered toxic waste. The only way to dispose of this residue is to haul it to a 
toxic waste facility (Ryder, 1991). One such tire stockpile fire occurred in 
Winchester, VA in 1983. This fire burned for eight months and cost $1.2 million 
to clean up the toxic residue that remained after the fire had been extinguished. 
Thus, many states are mandating the elimination of stockpiled tires and the 
removal of the remaining toxic waste. One way of reducing the amount of tires 
being disposed of in landfills and stockpiles is to combine them with other 
materials to make composites that are useful for various industrial applications. 
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1.1 Statement of Research 
The purpose of the research was to investigate the mechanical properties 
of composites of recycled rubber tires and polymers. The polymers include 
ethylene co-vinyl acetate (EVA), polybutadiene (PB), and Primacor. A single 
screw extruder was used to mix and produce the composite strands. Mechanical 
properties were evaluated for all of the composites in terms of tensile strength, 
ductility (elongation), hardness, and impact energy. 
1.2 Significance of Research 
The research was conducted to determine if recycled tire particles can be 
used to produce a usable composite material. The gained information will be 
useful to tire manufacturers, plastic manufacturers, waste storage facilities, 
researchers, governmental agencies, environmentalists, and the public. The 
research findings will promote useful applications of recycled automobile tires. 
With the increasing applications of the recycled material, the amount of used tires 
going to stockpiles or landfills can be significantly reduced. Therefore, this 
research would facilitate alleviating the solid waste disposal problems associated 
with automobile tires. 
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1.3 Definitions 
The following is a list of definitions useful in the understanding of the 
research. 
Crumb Rubber - Rubber extracted from recycled tires as crumbs. 
Durometer Hardness -The hardness of a material is related inversely to the depth 
an indenter penetrates into a flat polymer under a specific load. 
Extruder\extrusion - This is the device used to mix the components of the various 
composites. The extrusion process forces two or more materials together 
by a mixing action of the screw at an elevated temperature. The material 
becomes viscous at an elevated temperature and is forced out of the die. 
Ethylene co-vinyl acetate (EV A) - Copolymer used to improve the mechanical 
properties, extrusion properties, and promote adhesion between 
components. 
Impact energy - The energy required in breaking or fracturing a test specimen. 
This is determined by using a swing pendulum apparatus, with notched 
specimens loaded in a flexural mode. 
Polybutadiene (PB) - Elastomer used to promote adhesion between rubber 
particles and EV A. 
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Percent Elongation - This measures the ductility of a material in terms of the 
amount of specimen elongation compared with its original length during a 
tensile test. 
P El t . (o/) Final Specimen Length-initial Specimen Length X lOO ercent onga zon 10 ------''--------'::;__---~--------"''--
Initial Svecimen Lemzth 
Primacor - An adhesive polymer with a generic name of ethylene acrylic acid 
(EAA). 
Ultimate Tensile Strength - This represents the maximum stress a material can 
sustain before fracture. 
1.4 Assumptions 
Tensile Strength(MPa)-_P_e_ak_L_o_ad_(_N)_ 
Area(mm 2) 
1. Materials in the composite will mix uniformly. 
2. Composite materials will possess certain mechanical properties depending 
upon the compositions of the composites. 
1.5 Limitations 
1. The quality of all the components used in this study was controlled by 
the suppliers. 
2. Human error and the accuracy of the testing equipment may affect the 
outcomes of this study. 
3. The properties of the components in a specific composite may affect the 
process ability of the composite. 
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4. Mixing, bonding, and mechanical properties of the composites will depend 
upon the capabilities of the extrusion system used to process the materials. 
1.6 Delimitations 
1. All composites manufactured for this study were produced using a Killion 
KL - 125 extruder with a Maddock mixing screw. The extruder has an 
LID ratio of 30: 1 and a die of approximately 6.35 mm in diameter. 
2. Rubber percentages of 0, 10, 20, 30, and 40 were used for the 
experiments. 
3. Optimal processing parameters were used for all parameters including 
zone temperatures, screw speed, and barrel pressure. 
4. The EV A and polybutadiene used for this experiment was supplied by 
Union Carbide Corp., Danbury, CT. The Primacor was supplied by Dow 
Chemical Corporation. The recycled rubber was supplied by Rubber 
Resources Technology, Macom, MO. 
1. 7 Hypotheses 
I. The amount of recycled rubber particles in the composites with EV A, 
PB, or Primacor will affect the mechanical properties of the 
composites. 
2. EV A, PB, and Primacor may have different effects on the mechanical 
properties of the composites. 
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CHAPTER II 
Review of Literature 
Smith, Daniels, and Teotia ( 1995) estimated that the United States 
produced 250 million scrap tires every year. Of those, eleven percent were used 
to produce energy, seven percent were recycled into renewed products, five 
percent were exported, and seventy-seven percent were directed to landfills or 
storage facilities. Consequently, more than two billion tires are stockpiled or land 
filled. It was predicted that by the year 2008, 80% of the landfills and storage 
facilities would either be closed or filled. 
Powell (1993) stated that one of the hot uses for used tires is tire derived 
fuel (TDF). However, TDF is not a problem free solution to the tire disposal 
problem. The shredders needed to prepare the tires are costly and most common 
shredders do not have enough horsepower to supply a high volume TDF plant. 
Cost is the major concern with TDF producers. When other fuels have a low cost, 
TDF in tum has to have a low cost. To keep the production of TDF profitable the 
government gives producers a per ton fee from the tire recycling fund. This 
supplements the industry, but costs the taxpayers. 
Combining recycled tire rubber particles with other polymers is an 
effective way to reuse the recycled tire for industrial products. In a study 
performed by Rajalingan and Baker (1992), it was found that adding ground 
rubber tires (GRT) to high density polyethylene (HDPE) and low density 
polyethylene (LDPE) decreased the impact strength of the composites. This 
effect was improved by using small amounts, 6.7%, of functional polymers or 
compatibilizers. Functional polymers were able to improve the impact energy of 
HDPE and GRT blends by forty to sixty-six percent. It was found that ethylene 
acrylic acid (EAA) increased the impact energy of the HDPE/GRT composites 
especially when the GRT was precoated with the EAA. Ethylene acrylic acid 
(EAA) caused a drop in the impact energy when added to low density 
polyethylene alone, but acted as an interfacial coupling agent when used in a low 
density polyethylene/ORT composite. Ethylene co-vinyl acetate (EV A) was 
another compatabilizer that increased the mechanical properties when used with 
HDPE/GRT and LDPE/GRT composites. The impact strength retention occurred 
because of the possible interaction between the acetyl groups in the EV A and the 
GRT. The addition of compatibilizers helped to offset the effect of adding GRT 
to HDPE and LDPE. 
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Rajalingan, Sharpe, and Baker (1993) found that the addition of ground 
rubber tires (GRT) to linear low density polyethylene (LLDPE) caused decreases 
in the tensile strength and impact energy. With the GRT particles reduced from 
0.35 mm to 0.1 mm the impact strength was found to increase by twenty percent 
and the tensile strength was found to increase forty to fifty percent. This shows 
that the size of the particles needs to be small and consistent throughout the 
composite. 
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Pramanik and Dickson (1995) used Ground Rubber Tires (GRT) as a filler 
in high density polyethylene (HDPE), low density polyethylene (LDPE), and 
polypropylene mixed with polyethylene (PPC). The effects of compatibilizers on 
the HDPE, LDPE, or PPC and GRT blends were also studied. The blends without 
the compatibilizers showed lower mechanical properties, including tensile and 
flexural strength, with increased content of GRT. However, the impact energy 
was found to increase by thirty-five percent to forty-six percent with forty percent 
GRT. Eight compatibilizers were studied in composites containing thirty percent 
GRT. The compatibilizers were either plastic or elastomeric resins. All of the 
compatibilizers improved the impact energy of the blends by 100% to 188%. In 
this study, the use of compatabilizers was efficient in compensating the effects of 
adding GRT to the composites. 
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Oliphant and Baker (1995) used cryogenically ground rubber tires (CGR) 
as a filler for high density polyethylene (HDPE) and low density polyethylene 
(LDPE). It was found that the mechanical properties of the composite were 
reduced sharply when the CGR was used as a filler in HDPE. Precoating the 
CGR with ethylene acrylic acid improved the mechanical properties, but the 
properties of the composite were still lower than the properties of HDPE alone. 
The effect of CGT on LDPE was similar. The properties of the LDPE and CGT 
precoated with EAA showed a greater increase in mechanical properties, but were 
still lower than that ofLDPE alone. It was found that coating CGT with EAA and 
adding the CGT to LDPE resulted in the mechanical properties being 
approximately ninety percent that ofLDPE alone. 
McKirahan (1995) studied composites of high density polyethylene 
(HDPE) with ground rubber tires (GRT). The effects of the compatibilizers 
ethylene co-vinyl acetate (EV A) and poly (e-caprolactone) on the composites of 
HDPE and GRT were also studied. It was found that the tensile strength, percent 
elongation, and hardness of composites ofHDPE and GRT decreased as the 
amount of GRT in the composite increased. Moreover, the size of rubber particles 
used did not affect the tensile strength, but affected the hardness and percent 
elongation of the composites. It was found that as the size of GRT particles 
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decreased the percent elongation increased and the hardness decreased. EV A was 
found to increase the process ability of HDPE and GRT composites while 
minimally reducing the mechanical properties. Poly ( e-caprolactone) was found 
to have no positive effects on the mechanical properties of the composites of 
HDPE and GRT. 
Duck and Milner studied composites containing polybutadiene (PB) and 
various vinyl polymers. In this study PB was combined with ethylene vinyl 
acetate (EV A) and polyethylene (PE) to improve the properties of EV A or PE. 
The addition of PB to the EV A allowed for improvements in low temperature 
properties. The tensile strength and the hardness of the EV A/PB composites were 
lowered with increasing amounts of PB. While tensile strength and hardness 
decreased, the flexibility of the composite increased with addition of PB. When 
PB was combined with PE it was found that the impact resistance showed slight 
improvements. The elongation of the PE/PB composite was also greater than that 
of the PE alone. This study proved that adding PB to EV A and PE will help 
impact energy and elongation , but can lower the tensile strength. 
Josephine, Reethamma, Sabu, and Varughese (1995) investigated the 
mechanical behavior and compatibilazation of blends of high density polyethylene 
(HDPE) and acrylonitrile butadiene rubber (NBR). A sharp reduction in tensile 
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strength was observed in these composites with the addition NBR. Since HDPE 
and NBR were incompatible, a proper compatibilizer was sought. An ideal 
compatibilizer is one that can interact with both the HDPE and NBR phases of the 
composite. The compatibilizers used for this study were phenolic modified 
polyethylene (PhPE) and maleic modified polyethylene (MAPE). These 
composites had excellent processing characteristics of a thermoplastic at high 
temperatures. The morphology of each composite was studied by comparing 
component ratio, intrinsic melt viscosity, rates of shearing during melt mixing, 
and the presence of other materials in the composite. It was found that 
composites containing greater than or equal to 50 percent HDPE behaved like a 
plastic. This plastic behavior disappeared when less than 50 percent HDPE was 
present in the composite. 
The compatibilizers used in this study enhanced the interfacial bonding of 
the HDPE and NBR phases. The tensile strength showed improvements for both 
compatibilizers used, but the improvements were better with the composites 
modified with MAPE. This shows that the MAPE can increase the interfacial 
bonding between the NBR and HDPE phase better than PhPE. 
Ahmad, Abdullah, Sulaiman, Kohijiya, and Yoon (1994) performed a 
study on the effects of combining high density polyethylene (HDPE) and 
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thermoplastic natural rubber (TPNR) while using liquid natural rubber (LNR) as a 
compatibilizer. In this study the tensile strength and hardness were tested to 
evaluate the properties of the composite. The strength reached a peak at thirty-
three percent LNR at which the properties started to decrease. The hardness of the 
composite also increased with an increase in LNR percentage. This shows the 
LNR acted as a good compatibilizer for this composite and caused cross-linking 
between the TPNR and HDPE. 
3.1 Materials 
Chapter III 
Methods of Research 
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The recycled· rubber used for this research was supplied by Rubber 
Resources Technology, Macom, MO. This rubber was in crumb form and must 
be sifted before processing. The rubber particles used were those that passed 
through a forty mesh and stopped by a fifty mesh. The purpose was to keep all the 
particle size as close to the same range as possible. 
The ethylene co-vinyl acetate (EV A) used for this research was supplied in 
pellet form by Union Carbide Corporation, Danbury, CT. The polybutadiene (PB) 
was also supplied by Union Carbide Corporation. The PB was in a semi - solid 
form and was cut into chips before processing. Dow Plastics supplied the 
Primacor in pellet form. 
Seven different experiments were performed during this research. In 
experiment 1, the effect of the amount of recycled rubber in a composite 
containing recycled rubber and EV A was investigated. Recycled rubber 
percentages of 0, 10, 20, 30, and 40% were used for the experiment. In 
experiment 2, the effect of the amount of recycled rubber present in composites 
containing Primacor and recycled rubber was studied. Recycled rubber 
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percentages of 0, 10, 20, 30, and 40% were used in this experiment. In 
experiment 3, a constant rubber content of20% was used in the composites 
containing an EV A and PB matrix. The ratios of EV A to PB ranged from 100:0 
to 60:40, as shown in Table 1. The objective of this experiment was to study the 
effects of EV A and PB in the composite matrix. 
T bl 1 C a e ·r f t3 ompos1 10n o compos1 es m expenmen 
Rubber(%) Matrix(%) Matrix Components/Ratios 
20% 80% EV A:PB/(l 00:0) 
20% 80% EV A:PB/(90: 10) 
20% 80% EV A:PB/(80:20) 
20% 80% EV A:PB/(70:30) 
20% 80% EV A:PB/(60:40) 
Experiment 4 was designed to study the effect of recycled rubber content 
on the mechanical properties of composites of EV A, PB, and recycled rubber 
particles. The ratio of EV A to PB was maintained as 90: 10 for this study, as 
shown in Table 2. 
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T bl 2 C a e f omposit10n o composites or expenment 4. 
Rubber(%) Matrix(%) Matrix Components/Ratios 
0% 100% EV A:PB/(90: 10) 
10% 90% EV A:PB/(90: 10) 
20% 80% EVA:PB/(90:10) 
30% 70% EV A:PB/(90: 10) 
40% 60% EV A:PB/(90: 10) 
Experiment 5 was designed to compare the effect of EV A/PB matrix with 
experiment 4. The ratio of EVA to PB in the matrix was 60:40, while the rubber 
percentage varied from 0 to 40%. Table 3 summarizes the material combinations. 
T bl 3 C a e f omposit10n o composites or expenment 5 
Rubber(%) Matrix(%) Matrix Components/Ratios 
0% 100% EVA:PB/(60:40) 
10% 90% EV A:PB/(60:40) 
20% 80% EVA:PB/(60:40) 
30% 70% EVA:PB/(60:40) 
40% 60% EVA:PB/(60:40) 
Mechanical properties of Primacor and EV A blends were studied in 
experiment 6, in which the ratios of Primacor to EV A were 90: 10, 80:20, 70:30, 
17 
60:40, 50:50, and 70:30. The purpose of this series of experiments was to find the 
proper matrix for recycled rubber particles. 
Experiment 7 used typical Primacor/EV A matrix to study the effect of 
recycled rubber on the composites of Primacor, EV A, and recycled rubber. The 
ratios of Primacor and EV A were 90: 10, 80:20, and 70:30. The recycled rubber 
concentrations were varied from 0 to 40%. 
3.2 Processing 
The mixing and preparation procedure for each of the composite materials 
was the same for each experiment. When polybutadiene was used in the 
experiment, it had to be cut into pieces approximately the size of pellets using a 
knife. The recycled rubber was sifted and only the rubber that passed through a 
40-mesh sieve and was stopped by a 50-mesh sieve was used for each experiment. 
Once the proper amounts of the materials were established, they were weighed on 
a scale. The components were placed in a plastic container and mixed or stirred. 
Once the materials had been mixed thoroughly, they were ready for extrusion. 
The extruder used for this research was a Killion model KL - 125 gravity 
feed extruder. The temperatures and parameters for each experiment can be seen 
in Table 4 and Table 5 on the following page. 
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T bl 4 T a e t empera ures an d tf se mgs ti or experiments 1 3 4 d 5 
' ' 
, an 
Heat Zone 1 135 °C (275 °F) 
HeatZone2 140.6 °C (285 °F) 
Heat Zone 3 148.9 °C (300 °F) 
HeatZone4 162.8 °C (325 °F) 
Clamp Ring 176.7 °C (350 °F) 
Die 162.8 °C (325 °F) 
Melt 168.3 - 170.6 °C (335 - 339 °F) 
Screw Speed 4.1 rev. min ·1 
Barrel Pressure 2.76 - 5.52 MPa (400 - 800 PSI) 
T bl 5 T a e emperatures an d settmgs ti or experiments 2 6 d 7 
' 
'an 
HeatZone I 162.8 °C (325°F) 
HeatZone2 176.7 °C (350°F) 
Heat Zone 3 190.6 °C (375°F) 
Heat Zone 4 204.4 °C (400° F) 
Clamp Ring 204.4 °C (400°F) 
Die 204.4 °C (400°F) 
Melt 207.8 - 208.9 °C (406 - 408°F) 
Screw Speed 4.1 rev. min ·1 
Barrel Pressure 2.76 - 6.89 MPa (100 - 1000 PSI) 
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After the extruder heaters reached the proper temperatures, the materials 
were placed in the hopper before the screw speed was set at 4.1 rev. min.- 1 (RPM). 
As the extruded materials were forced out of the die, it was allowed to free fall 
into a cooling tank. After a free fall of 914.4 mm (36"), the materials ended up in 
a water bath of room temperature. Once the extrusion process was complete, the 
materials were removed from the cooling tank. Strands of the composite material 
were cut for tensile testing. The remainder of the material was pelletized using a 
Killion 2" pneumatic pelletizer. 
The pelletized material was compression molded to make Durometer 
hardness specimens using a Buehler specimen molder. First, a light coating of 
mold release was sprayed on the mold. Next, the mold was filled with 
approximately 25.4mm (1 ") of pelletized material. Next, the mold was closed 
and placed in the press. Then the heater was turned on and placed over the 
outside of the mold. Once the temperature reached 120° C, pressure was applied 
and kept at 28.95 MPa ( 4200 psi) for twenty minutes before the heater was shut 
off and removed from around the mold. Then a radiating cooler was placed 
around the mold while the pressure was kept at 28.95 MP a ( 4200 psi) for another 
fifteen minutes before the specimen was extracted from the mold. 
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Izod impact test specimens were also made by compression molding. A 
Hanacomp 20 Ton compression molder was used to make a plate measuring 
approximately 152.4 x 152.4 x 6.35 mm (6" x 6" x 1/4"). The mold was first 
sprayed with a light coating of mold release. Next, the mold was assembled and 
filled with the material. Then the mold was closed and placed into the 
compression molder. A heater was turned on and the heating plates brought into 
contact with the mold. The mold was allowed to reach 204.4 °C (300 ° F) before 
two tons of pressure were applied for thirty minutes. Then the heater was turned 
off and the cooling pump turned on for fifteen minutes while the pressure was 
kept at two tons. After the mold had cooled, it was removed and the plate was 
extracted from the mold. Izod specimens were cut from the plate and a notch 
milled in each of the specimens. 
3.3 Testing of Mechanical Properties 
Tensile testing of the composites was performed on the strands cut after 
extrusion. Five diameters were measured and averaged to determine the cross 
sectional area of the specimen. The ends of the specimens were wrapped with 
tape and the initial length was measured between the pieces of tape. Either a 
SATEC model UTC 60 HVL universal testing machine or an INSTRON 4467 
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testing machine was used to test the tensile strength and the percent elongation of 
the specimens. Tensile tests were performed according to ASTM standard ASTM 
0638-89. A loading rate of 40 mm min:1 was used for all tests. For each 
composite five specimens were tested and averaged to determine the tensile 
strength and percent elongation of the material. After the specimen fractured or 
the machine had reached its limit, the specimen was removed and the final length 
measured and recorded along with the peak load. 
When testing the hardness of a material, a Durometer hardness tester with 
a type A indentor was used. ASTM standard ASTM D2240 was used as a 
guideline. The Durometer hardness tester used for this research is connected to a 
computer that automatically records the peak, 1.0 second, and terminal hardness. 
To be consistent, the 1.0 second hardness was used throughout this research. Five 
tests were performed and averaged to determine the Durometer hardness of the 
specimen. 
When testing the impact energy of a material, ASTM standard ASTM 
D 256 was followed. The specimens were cut and notched according to this 
standard. Five specimens were averaged to find the impact energy. 
Chapter IV 
RESULTS AND DISCUSSION 
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Analysis of variance was performed using the General linear model 
(GLM) procedure in the statistical analysis system (SAS) to determine whether 
the relationships were significant. The results of the OLM procedure can be seen 
in the appendix. 
4.1 Effects of PB on Composites Containing 20% Recycled Rubber and 
Various Matrices of EV A and PB 
Figure 1 shows the effect of polybutadiene (PB) on tensile strength of 
composites containing 20% recycled rubber and 80% of various matrices of EV A 
and PB. The matrices of EVA and PB had ratios of 100:0, 90: 10, 80:20, 70:30, 
and 60:40. The figure displays a negative relationship between the amount of PB 
and the tensile strength. As the amount of PB in the matrix increased, the tensile 
strength decreased. The confidence level of the data represented in Figure 1 is 
99.99%. 
Figure 2 illustrates the variation of the percent elongation with the content 
of PB in composites containing 20% recycled rubber. The EV NPB ratios were 
100:0, 90:10, 80:20, 70:30, and 60:40. The figure shows a negative relationship 
between the percent elongation and the amount of PB in the composite. The 
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Figure 1. Variation of tensile strength with content of polybutadiene for composites 
containing PB, EVA, and 20% recycled rubber. 
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Figure 2. Variation of elongation with content of polybutadiene for composites 
containing EV A, PB, and 20% recycled rubber. 
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percent elongation decreased drastically up to 20% PB was included in the matrix. 
After this point the percent elongation remained fairly constant. The confidence 
level of the data shown in Figure 2 is 98.47%. 
Figure 3 displays the effect of the PB on the impact energy of composites 
containing 20% recycled rubber and 80% of various matrices of EV A and PB. 
The EV A/PB ratios were 100:0, 90: 10, 80:20, 70:30, and 60:40. The figure 
displays a negative relationship between the impact energy and the amount of PB 
in the composite. As the amount of PB in composite increased, the impact energy 
decreased. The data shown in Figure 3 has a confidence level of 99.99%. 
Figure 4 depicts the variation of the Durometer hardness with the amount 
of PB in composites containing EVA and 20% recycled rubber. The ratios of 
EV A to PB were 100:0, 90: 10, 80:20, 70:30, and 60:40. Figure 4 shows a 
negative relationship between the amount of PB in the matrices and the hardness 
of the composite. The confidence level of the data represented in Figure 4 is 
99.93%. 
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Figure 3. Variation of impact energy with content of polybutadiene for composites 
containing EVA, PB, and 20% recycled rubber. 
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Figure 4. Variation of hardness with content of polybutadiene for composites 
containing EV A, PB, and 20% recycled rubber. 
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4.2 Effects of EV A on Composites Containing 20% Recycled Rubber and 
Matrices of EV A and PB 
28 
Figure 5 illustrates how EV A affected the tensile strength of composites 
containing 20% recycled rubber. The ratios of EV A:PB were 100:0, 90: 10, 80:20, 
70:30, and 60:40. This figure depicts a positive relationship between the amount 
of EV A in the matrix of EV A:PB and the tensile strength of the composite. As 
the amount of EV A in the matrix increased, the tensile strength also increased. 
The data represented in Figure 5 has a confidence level of 99.99%. 
Figure 6 represents how EV A affected the percent elongation of 
composites containing 20% recycled rubber and various matrices of EV A and PB. 
The ratios of EV A:PB represented in this figure were 100:0, 90: 10, 80:20, 70:30, 
and 60:40. This figure shows a positive relationship between the amount of EVA 
in the matrix and the percent elongation. When the amount of EV A was 
increased, the percent elongation of the composite increased. The confidence 
level of the data shown in Figure 6 is 98.47%. 
Figure 7 depicts the relationship between the amount of EV A and the 
impact energy of composites containing 20% recycled rubber and 80% of various 
matrices of EVA and PB. It is noted that there is a positive relationship between 
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Figure 5. Variation of tensile strength with content of EVA for composites 
containing EV A, PB, and 20% recycled rubber. 
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Figure 6. Variation of elongation with content of EV A for composites 
containing EV A, PB, and 20% recycled rubber. 
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Figure 7. Variation of impact energy with content of EV A for composites 
containing EV A, PB, and 20% recycled rubber. 
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the amount of EVA in the matrix and the impact energy of the composites. The 
data represented on Figure 7 has a confidence level of 99. 99%. 
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Figure 8 shows how EV A affected the hardness of composites containing 
20% recycled rubber and various matrices of EVA and PB. As the amount of 
EV A in the matrix was increased, the hardness of the composite was increased. 
The confidence level of the data depicted by Figure 8 is 99.93%. 
4.3 Effects of EV A on Blends Containing EV A and Primacor 
Figure 9 shows the effect of EV A on the tensile strength of blends of EV A 
and Primacor. Before the amount of EV A reached 50%, the tensile strength 
increased and remained fairly stable with increased amounts of EV A. After the 
percentage of EVA in the blends exceeded 50%, the tensile strength decreased 
with increased amounts of EV A. The data represented in Figure 9 has a 
confidence level of 99.99%. It is worth noting that when the amount of EVA was 
between 5% and 50%, the tensile strength of the blends was higher than either of 
the two constituents. This fact suggests that the EV A and the Primacor have 
synergic effects to each other in terms of blend strength. 
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Figure 8. Variation of hardness with content of EVA for composites 
containing EVA, PB, and 20% recycled rubber. 
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Figure 9. Variation of tensile strength with content of EV A for blends of 
EV A and Primacor. 
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Figure 10 illustrates the effect of EV A on the percent elongation of blends 
containing EV A and Primacor. The percent elongation increased with increased 
amounts of EV A until the composite contained 50% EV A. After this point the 
percent elongation decreased with increased amounts of EV A. Moreover, when 
the amount of EV A was in the range between 20% and 70%, the elongation of the 
blends was higher than either of the constituents. The data shown in Figure 10 
has a confidence level of 99.99%. 
Figure 11 depicts the effect of EV A on the impact energy of blends 
containing Primacor and EV A. This figure shows a negative relationship between 
the amount of EV A and the impact energy of the blends after the EV A content 
exceeded 10%. When the amount of EV A in the blend was increased to 10%, the 
impact energy increased. When the EV A content was further increased, the 
impact energy was decreased. The impact energy of the blends containing 10% to 
30% EV A was higher than that of EV A or Primacor alone. The data depicted in 
Figure 11 has a confidence level of 99.99%. 
Figure 12 shows the relationship between the amount of EV A and the 
hardness of blends containing EV A and Primacor. The hardness of blends did 
not show a consistent trend when increasing the amount of EV A in the blend. 
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Figure 10. Variation of elongation with content of EV A for blends of 
EV A and Primacor. 
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Figure 11. Variation of impact energy with content of EV A for blends of 
EV A and Primacor. 
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Figure 12. Variation of hardness with content of EVA for blends of 
EV A and Primacor. 
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100.0 
4.4 Effects of EV A on Composites Containing Recycled Rubber, Primacor 
and EVA 
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Figure 13 represents the effect of EV A on the tensile strength of 
composites containing 10%, 20%, 30% and 40% recycled rubber and various 
matrices of Primacor and EV A. The ratios of Primacor to EV A shown in this 
figure were 100:0, 90: 10, 80:20 and 70:30. It is noted that the tensile strength of 
all of the composites peaked when there was I 0% EV A in the matrices. 
Although the tensile strength of the composite decreased when the amount of 
EV A in the matrix was increased above I 0%, the tensile strength of the composite 
was still greater than when the matrix contained 0% EV A. This fact shows that 
the EV A and Primacor could bond with each other and form a stronger material. 
Figure 14 shows the effect of EV A on the percent elongation of 
composites containing I 0%, 20%, 30% and 40% recycled rubber and various 
matrices of Primacor and EV A. The ratios of Primacor to EV A shown by this 
figure were 100:0, 90: 10, 80:20 and 70:30. This figure shows that the percent 
elongation of the composite remains fairly constant as EV A is added to the 
composite. This means the adding of EV A to the matrix will have little effect on 
the percent elongation of the composite material. 
40 
24 
Legend 
----:&---- I 0% Recycled Rubber 
--.--- 20% Recycled Rubber 
...-.. 19 --e--- 30% Recycled Rubber ro 
i::i.. 
::E --jr- 40% Recycled Rubber 
'-' 
...c: 
bo 
s:: Q) 14 I-< 
...... 
VJ 
~ 
Cl) 
5 
E-< 9 
4 
0.0 5.0 10.0 15.0 20.0 25.0 30.0 
Content of EV A (%) 
Figure 13. Variation of tensile strength with content of EV A for composites 
containing EVA, Primacor, and recycled rubber. 
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Figure 14. Variation of elongation with content of EV A for composites 
containing EV A, Primacor, and recycled rubber. 
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Figure 15 displays the impact energy as a function of the amount of EV A 
in composites containing 10%, 20%, 30% and 40% recycled rubber. The ratios of 
Primacor to EVA were 100:0, 90:10, 80:20 and 70:30. This figure shows that the 
impact energy of the composite material remains fairly constant as EVA was 
added to the matrix. 
Figure 16 portrays the effect of EV A on the hardness of composites 
containing 10%, 20%, 30% and 40% recycled rubber and various matrices of 
Primacor and EV A. The ratios of Primacor to EV A were 100:0, 90: I 0, 80:20 and 
70:30. It is noted that the amount of EV A had no significant effect on the 
hardness of the composite. 
4.5 Effects of Primacor on blends of Primacor and EV A 
Figure 17 displays how increasing the amount of Primacor in a blend of 
Primacor and EV A affected the tensile strength. As the amount of Primacor in the 
blend increased, the tensile strength also increased. After the amount of Primacor 
exceeded 50%, the tensile strength of the blend remains fairly constant. The data 
displayed in Figure 17 has a confidence level of 99.99%. 
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Figure 15. Variation of impact energy with content of EV A for composites 
containing EV A, Primacor, and recycled rubber. 
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Figure 16. Variation of hardness with content of EV A for composites 
containing EV A, Primacor, and recycled rubber. 
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Figure 17. Variation of tensile strength with content of Primacor for blends of 
Primacor and EV A. 
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Figure 18 represents the effect of Primacor on the percent elongation of 
the blends of Primacor and EV A. The percent elongation increased with 
increasing amounts of Primacor until 50% Primacor. After the amount of 
Primacor exceeded 50%, the percent elongation decreased with a further increase 
in the amount of Primacor. The data represented in Figure 18 has a confidence 
level of 99. 99% 
Figure 19 shows how the amount of Primacor affected the impact energy 
of Primacor and EVA blends. As the amount of Primacor in the blends 
increased, the impact energy also increased. When the amount of Primacor in the 
blend was in the range between 70% and 90%, the impact energy of the blends 
was greater than that of 100% Primacor. This shows that the Primacor and EV A 
are able to bond together and form a material stronger than Primacor. The data 
shown in Figure 19 has a confidence level of 99.99%. 
Figure 20 indicates how the amount Primacor in blends of Primacor and 
EVA affected the hardness of the composite. The hardness of the blends 
remained fairly constant as the amount of Primacor was increased. 
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Figure 18. Variation of elongation with content of Primacor for blends of 
Primacor and EV A. 
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Figure 19. Variation of impact energy with content of Primacor for blends of 
Primacor and EV A. 
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Figure 20. Variation of Durometer hardness with content of Primacor for blends of 
Primacor and EV A 
4.6 Effects of Primacor on Composites Containing Recycled Rubber, 
Primacor, and EV A 
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Figure 21 represents the effect of Primacor on the tensile strength of 
composites containing 10% to 40% recycled rubber and various ratios of Primacor 
and EV A. The ratios of Primacor to EVA were 100:0, 90:10, 80:20, and 70:30. 
In each composite the tensile strength peaked when the matrix contained 90% 
Primacor. This peak was reduced when increased amounts of rubber were added 
to the composites. The peaks were prevalent when the composites contained 10% 
and 20% recycled rubber. The peaks in tensile strength for composites containing 
30% and 40% recycled rubber were marginal. 
Figure 22 displays how Primacor affected the percent elongation of 
composites containing 10% to 40% recycled rubber and various matrices of 
Primacor and EV A. The percent elongation of all the composites remains fairly 
constant with increasing amounts of Primacor. The percent elongation was higher 
when the content of recycled rubber was lower. 
Figure 23 shows how Primacor affected the impact energy of composites 
containing 10% to 40% recycled rubber and various ratios of Primacor and EV A. 
The ratios of Primacor to EV A were 100:0, 90: 10, 80:20, and 70:30. For the 
composites containing 10%, 20%, and 30% recycled rubber the impact energy 
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Figure 21. Variation of tensile strength with content of Primacor for composites 
containing Primacor, EV A, and recycled rubber. 
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Figure 22. Variation of elongation with content of Primacor for composites 
containing Primacor, EV A, and recycled rubber. 
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Figure 23. Variation of impact energy with content of Primacor for composites 
containing Primacor, EV A, and recycled rubber. 
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reached a peak when the matrix contained 90% Primacor. The largest peak can be 
observed when the composite contained 20% recycled rubber. When the 
composite contained 40% recycled rubber, the impact energy increased slightly 
when the amount of Primacor in the matrix was increased. 
Figure 24 displays the effects of Primacor on the hardness of composites 
containing 10% to 40% recycled rubber and various matrices of Primacor and 
EV A. The ratios of Primacor and EVA displayed in this figure are 100:0. 90: 10, 
80:20, and 70:30. The hardness of the composite remained fairly constant as the 
amount of Primacor was increased. 
4. 7 Effects of Recycled Rubber on Composites Containing EV A and PB 
Figure 25 represents the effects of recycled rubber on the tensile strength 
of composites containing recycled rubber and various ratios of EV A and PB. The 
ratios of EV A to PB represented in this figure were 100:0, 90: 10, and 60:40. 
Figure 25 shows a negative relationship between the amount of recycled rubber 
and the tensile strength of the composites. As the amount of recycled rubber in 
the composites was increased, the tensile strength of the composites decreased. 
The confidence level of the data in Figure 25 is larger than 99.98%. 
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Figure 25. Variation of tensile strength with content of recycled rubber for composites 
containing EV A, PB, and recycled rubber. 
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Figure 26 shows how increasing the amount of recycled rubber affected 
the percent elongation of composites containing recycled rubber and various ratios 
of EVA and PB. The figure showed a negative relationship between the amount 
of recycled rubber and the percent elongation of the composites. As the amount 
of recycled rubber in the composites was increased, the percent elongation of the 
composites decreased. The percent elongation of the composite containing 100:0 
and 90: 10 ratios of EV A to PB peaked when the composite contained 10% 
recycled rubber. This peak suggests that EV A is able to bind with smaller 
amounts of recycled rubber and that PB in small amounts is not detrimental to the 
elongation. The confidence level of the data represented in Figure 26 is 99.99%. 
Figure 27 displays the effect of recycled rubber on the impact energy of 
composites containing recycled rubber and various matrices of EV A and PB. The 
ratios of EV A to PB displayed by this figure were I 00:0, 90: 10, and 60:40. A 
negative relationship between the amount of recycled rubber and the impact 
energy of the composites is displayed by Figure 27. As the amount ofrecycled 
rubber was increased, the impact energy of the composites was decreased. When 
the composite contained 10% recycled rubber and a matrix of 90% EV A and 10% 
PB, the impact energy of the composite peaked. This suggests that small amounts 
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Figure 27. Variation of impact energy with content of recycled rubber for composites 
containing EV A, PB, and recycled rubber. 
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of PB are helpful in binding recycled rubber particles together. The confidence 
levels of the data represented on Figure 26 are 99.99%. 
Figure 28 indicates how recycled rubber affected the hardness of 
composites containing recycled rubber and various matrices of EVA and PB. The 
ratios of EVA to PB indicated by this figure were 100:0, 90:10, and 60:40. The 
hardness of the composite remained constant with increased amounts ofrecycled 
rubber for composites containing EV A and recycled rubber. The hardness of the 
composite containing recycled rubber and a 90: 10 ratio of EV A:PB peaked when 
the rubber content was 20% and decreased upon further increases in rubber 
content. A negative relationship was indicated between the amount of recycled 
rubber and the hardness of the composite for composites containing a 60:40 ratio 
ofEVA:PB. The minimum confidence level represented by Figure 28 is 99.98%. 
4.8 Effects of Recycled Rubber on Composites Containing Primacor. EV A. 
and Recycled Rubber 
Figure 29 shows how increasing the recycled rubber content affected the 
tensile strength of composites containing recycled rubber and various ratios of 
Primacor and EV A. The ratios of Primacor to EVA were 100:0, 90:10, 80:20, 
70:30, and 0: 100. As the amount of recycled rubber was increased, the tensile 
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containing EV A, Primacor, and recycled rubber. 
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strength of the composites decreased. All of the composites that contained 
Primacor and EV A displayed higher tensile strengths than the composites with 
only Primacor or EVA, respectively. This fact suggests a synergic effect between 
EV A and Primacor at all levels of rubber contents. The composites having a 
Primacor/EV A ratio of 90: I 0 showed the best tensile strengths. 
Figure 30 represents how recycled rubber percentage affected the percent 
elongation of composites containing recycled rubber and various ratios of 
Primacor and EV A. The ratios of Primacor and EV A were 100:0, 90: 10, 80:20, 
70:30, and 0: I 00. The figure represents a negative relationship between the 
amount of recycled rubber and the percent elongation of the composites. As the 
amount of recycled rubber in the composites was increased, the percent elongation 
of the composites was decreased. All composites displayed good percent 
elongations when 0% and I 0% recycled rubber were present in the composites. 
However, the elongation decreased sharply when more than 20% of recycled 
rubber was added to the composite. The data represented in Figure 30 has a 
confidence level of 99.99%. 
Figure 31 displays how increasing the amount of recycled rubber affected 
the impact energy of composites containing recycled rubber, Primacor, and EV A. 
The figure represents a negative relationship between the amount of recycled 
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Figure 31. Variation of impact energy with content of recycled rubber for composites 
containing EVA, Primacor, and recycled rubber. 
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rubber and the impact energy of the composites. As the amount of recycled 
rubber in the composites was increased, the impact energy of the composites was 
decreased. The composites containing Primacor have an impact energy greater 
than the composite without Primacor. The composites with Primacor/EV A ratio 
of 90: 10 have impact energies greater than or equal to that of the composites 
containing recycled rubber and only Primacor. This suggests that the Primacor 
and the EV A in the composite are able to form a better matrix than the Primacor 
or the EV A alone. The data represented in Figure 3 1 had a confidence level of 
99.99%. 
Figure 32 displays how increasing the recycled rubber percentage affected 
the hardness of composites containing recycled rubber and various matrices of 
Primacor and EV A. The ratios of Primacor to EV A displayed by this figure are 
100:0, 90:10, 80:20, 70:30, and 0:100. In general, as the rubber content 
increased, the hardness of the composites decreased slightly. 
4.9 Morphology Analysis 
Figure 33 shows a micrograph of a specimen containing 70% Primacor 
and 30% EVA under a magnification of 139.3 X. The specimen was polished 
before observation with a light microscope. No phase separation can be seen 
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Figure 33. Micrograph of a specimen containing 70% Primacor 
and 30% EVA under a magnification of 139.3 X. 
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between the Primacor and the EV A. This fact suggests that the Primacor and 
EV A were able to evenly mix during the extrusion process and bond to each other. 
Figure 34 shows a micrograph of a blend containing 60% EV A and 40% 
PB under a magnification of 139.3 X. The specimen was polished prior to 
observation under the microscope. This figure shows phase separation between 
the EV A and the PB. These constituents were not completely miscible. This 
structure is related to the decreased mechanical properties when large amounts of 
PB were used in composites. 
Figure 35 shows the distribution of recycled rubber particles in a 
composite containing 10% recycled rubber in a matrix containing Primacor and 
EV A under 19.26 X magnification. The ratio of the Primacor to EV A was 90: 10. 
A thin layer of the specimen was sliced using a sharp razor blade prior to viewing. 
This picture shows the particles were evenly distributed throughout the matrix of 
Primacor and EV A. The particles have sharp edges, which could cause 
weakening of the matrix. 
Figure 36 shows the distribution of recycled rubber particles in a 
composite containing 10% recycled rubber in a matrix containing EVA and PB 
under 19.26 X magnification. The ratio of EV A to PB was 90: 10. A thin layer of 
specimen was sliced using a sharp razor blade for viewing under the optical 
Figure 34. Micrograph of a specimen containing 60% EV A and 
40% PB under a magnification of 139.3 X. 
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Figure 3 S. Micrograph of a specimen containing 10% recycled 
rubber in a matrix of Primacor and EV A (90: 10) under a 
magnification of 19 .26 X. 
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• • 
Figure 36. Micrograph of a specimen containing 10% recycled 
rubber in a matrix of EV A and PB (90: 10) under a magnification of 
19.26 x. 
L 
microscope. It is noted that the particles were evenly distributed throughout the 
matrix of EV A and PB. 
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Figure 37 shows a recycled rubber particle (on the left) interlocked with a 
matrix of Primacor and EV A (90: I 0) under a magnification of 699 .2 X. The 
specimen was polished prior to viewing with the microscope. This photograph 
indicates that the matrix is able to adhere to the rubber particle well. 
Figure 38 shows a recycled rubber particle interfacing with a matrix of 
EV A and PB (90: I 0). The specimen was polished prior to viewing under the 
microscope. A distinct boundary between the rubber particle and the matrix can 
be observed with this specimen. That is, the matrix did not seem to interlock with 
the rubber particle, which may result in weak bonding between the rubber 
particles and the matrix. 
4.10 Overall Comparison of Composites Containing Recycled Rubber 
Figure 39 represents the tensile strength of different composites containing 
20% recycled rubber and various polymers. This figures shows that Primacor and 
EV A work best when mixed together. The matrices of Primacor and EV A with 
ratios of 90: 10, 80:20, and 70:30 have a higher tensile strength than other 
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Figure 37. Micrograph of a specimen showing a rubber particle in 
a matrix of Primacor and EV A (90: 10) under a magnification of 
699.2X. 
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Figure 38. Micrograph of a specimen showing a rubber particle ina 
matrix of EV A and PB (90: 10) under a magnification of 
699.2X. 
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composites. This fact indicates the Primacor and EV A are able to bond together 
and with the recycled rubber better than any other polymers used in this research. 
Figure 40 displays the percent elongation of various composites containing 
20% recycled rubber. The matrices of EV A and EV A/PB of 90: 10, showed the 
best percent elongation. The 90: 10 matrix of EV A to PB shows that small 
amounts of PB are able to bind with the recycled rubber particles, while larger 
amounts are detrimental. 
Figure 41 shows the impact energy of different composites containing 20% 
recycled rubber and various polymer systems. The composites that contain a 
matrix of Primacor and EV A had higher impact energies than the composite 
containing only Primacor matrix. This fact confirms that the Primacor and EV A 
are able to bind with each other and with the recycled rubber particles better than 
any other polymers used in the research. 
Figure 42 indicates the hardness of different composites containing 20% 
recycled rubber and various polymers. The composites that contain PB showed 
the lowest hardness while the composites with Primacor displayed the highest 
hardness. The hardness of all of the composites remains fairly comparable. 
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Chapter V 
CONCLUSIONS 
The following conclusions were made according to the study of 
composites of recycled rubber, polybutadiene, Primacor, and ethylene co-vinyl 
acetate. 
1. Increasing recycled rubber content decreased the strength of the 
composites. 
81 
2. The percent elongation of composites containing recycled rubber 
decreased drastically when the amount of recycled rubber exceeded 10%. 
3. When 10% PB was added to composites containing EV A, PB, and 10% 
recycled rubber, PB was beneficial to the percent elongation and impact 
strength. 
4. Increasing the amount of PB in composites of EV A, PB, and recycled 
rubber decreased the hardness of the composites. 
5. When containing Primacor and EVA, the mechanical properties of the 
composites were better than those containing only EV A or Primacor as 
matrix. 
6. A matrix having a Primacor/EV A ratio of 90: 10 offered the best 
mechanical properties of the composites containing rubber particles. 
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7. The useful range for Primacor would be between 70% and 90%, with 10% 
to 30% EVA. A small amount of PB may be beneficial when combined 
with EV A and rubber particles. 
8. Blends of Primacor and EV A have no phase separation, while blends of 
EV A and PB show distinct boundaries. 
9. Primacor and EVA are able to bond and interlock with the recycled rubber 
particles, while the matrix of EV A and PB did not bond tightly with the 
rubber particles. 
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Appendix 1 
Results of Analysis of Variance (ANOVA) for various figures. 
Figure X Variable Y Variable Matrix Significanc~ 
Figure 1 PB(%) Tensile Strength (MPa) ******* PR>F = 0.0001 (99.99%) 
Figure 2 PB(%) Elongation (%) ******* PR>F = 0.0153 (98.47%) 
Figure 3 PB(%) Impact Strength (J m·2) ******* PR>F = 0.0001 (99.99%) 
Figure 4 PB(%) Hardness ******* PR>F = 0.0007 (99.93%) 
Figure 5 EVA(%) Tensile Strength (MPa) ******* PR>F = 0.0001 (99.99%) 
Figure 6 EVA(%) Elongation(%) ******* PR>F = 0.0153 (98.47%) 
Figure 7 EVA(%) Impact Strength (J m·2) ******* PR>F = 0.0001 (99.99%) 
Figure 8 EVA(%) Hardness ******* PR>F = 0.0007 (99.93%) 
Figure 9 EVA(%) Tensile Strength (MPa) ******* PR>F = 0.0001 (99.99%) 
Figure 10 EVA(%) Elongation(%) ******* PR>F = 0.0001 (99.99%) 
Figure 11 EVA(%) Impact Strength (J m·2) ******* PR>F = 0.0001 (99.99%) 
Figure 12 EVA(%) Hardness ******* PR>F = 0.0004 (99.96%) 
10% rubber PR>F = 0.0806 (91.94%) 
20% rubber PR>F = 0.0571 (94.29%) 
Figure 13 EVA(%) Tensile Strength (MPa) 
30% rubber Not Significant 
40% rubber Not Significant 
10% rubber Not Significant 
20% rubber Not Significant 
Figure 14 EVA(%) Elongation(%) 
30% rubber Not Significant 
40% rubber PR>F = 0.0132 (98.68%) 
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10% rubber Not Significant 
20% rubber PR>F = 0.1014 (89.86%) 
Figure 15 EVA(%) Impact Strength (J m·2) 
30% rubber Not Significant 
40% rubber PR>F = 0.0050 (99.50%) 
10% rubber PR>F = 0.0003 (99.97%) 
20% rubber PR>F = 0.0215 (97.85%) 
Figure 16 EVA(%) Hardness 
30% rubber PR>F = 0.0042 (99.58%) 
40% rubber PR>F = 0.0001 (99.99%) 
Figure 17 Primacor (%) Tensile Strength (MPa) ******* PR>F = 0.000 I (99.99%) 
Figure 18 Primacor(o/o) Elongation(%) ******* PR>F = 0.0001 (99.99%) 
Figure 19 Primacor (%) Impact Strength (J m·2) ******* PR>F = 0.0001 (99.99%) 
Figure 20 Primacor (%) Hardness ******* PR>F = 0.0004 (99.96%) 
10% rubber PR>F = 0.0806 (91.94%) 
20% rubber PR>F = 0.0571 (94.29%) 
Figure 21 Primacor (%) Tensile Strength (MPa) 
30% rubber Not Significant 
40% rubber Not Significant 
10% rubber Not Significant 
20% rubber Not Significant 
Figure 22 Primacor (%) Elongation(%) 
30% rubber Not Significant 
40% rubber PR>F = 0.0132 (98.68%) 
10% rubber Not Significant 
20% rubber PR>F = 0.1014 (89.86%) 
Figure 23 Primacor (%) Impact Strength (J m·2) 
30% rubber Not Significant 
40% rubber PR>F = 0.0050 (99.50%) 
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10% rubber PR>F = 0.0003 (99.97%) 
20% rubber PR>F = 0.0215 (97.85%) 
Figure 24 Primacor (%) Hardness 
30% rubber PR>F = 0.0042 (99.58%) 
40% rubber PR>F = 0.0001 (99.99%) 
EVA:PB 100:0 PR>F = 0.0001 (99.99%) 
Figure 25 Rubber(%) Tensile Strength (MPa) EV A:PB 90: 10 PR>F = 0.0002 (99.98%) 
EV A:PB 60:40 PR>F = 0.0001 (99.99%) 
EV A:PB 100:0 PR>F = 0.0001 (99.99%) 
Figure 26 Rubber(%) Elongation (%) EVA:PB 90:10 PR>F = 0.0001 (99.99%) 
EV A:PB 60:40 PR>F = 0.0001 (99.99%) 
EVA:PB 100:0 PR>F = 0.0001 (99.99%) 
Figure 27 Rubber(%) Impact Strength (J m·2) EVA:PB 90:10 PR>F = 0.0001 (99.99%) 
EVA:PB 60:40 PR>F = 0.0001 (99.99%) 
EVA:PB 100:0 PR>F = 0.0002 (99.98%) 
Figure 28 Rubber(%) Hardness EVA:PB 90:10 PR>F = 0.0001 (99.99%) 
EVA:PB 60:40 PR>F = 0.0001 (99.99%) 
Primacor:EV A PR>F = 0.1124 (88.76%) 
100:0 
Primacor:EV A PR>F = 0.0229 (97.71%) 
90:10 
Primacor:EV A PR>F = 0.0001 (99.99%) 
Figure 29 Rubber(%) Tensile Strength (MPa) 
80:20 
Primacor:EV A PR>F = 0.0001 (99.99%) 
70:30 
Primacor:EV A PR>F = 0.0001 (99.99%) 
0:100 
88 
Primacor:EV A PR>F = 0.0001 (99.99%) 
100:0 
Primacor:EV A PR>F = 0.0001 (99.99%) 
90:10 
Primacor:EV A PR>F = 0.0001 (99.99%) 
Figure 30 Rubber(%) Elongation(%) 
80:20 
Primacor:EV A PR>F = 0.0001 (99.99%) 
70:30 
Primacor:EV A PR>F = 0.0001 (99.99%) 
0:100 
Primacor:EV A PR>F = 0.0001 (99.99%) 
100:0 
Primacor:EV A PR>F = 0.0001 (99.99%) 
90:10 
Figure Rubber Primacor:EV A PR>F = 0.0001 (99.99%) 
Impact Strength (J m-2) 
31 (%) 80:20 
Primacor:EV A PR>F = 0.0001 (99.99%) 
70:30 
Primacor:EV A PR>F = 0.0001 (99.99%) 
0:100 
89 
Primacor:EV A Not Significant 
100:0 
Primacor:EV A PR>F = 0.0001 (99.99%) 
90:10 
Primacor:EV A PR>F = 0.0004 (99.96%) 
Figure 32 Rubber(%) Hardness 
80:20 
Primacor:EV A PR>F = 0.0006 (99.94%) 
70:30 
Primacor:EV A PR>F = 0.0002 (99.98%) 
0:100 
